Supplier selection is an integral part of supply chain management in any organization which is directly responsible for its success in market and if we see today's highly competitive environment then it is pretty much difficult to find an effective and efficient supplier which can fulfill all organization's need as required. Though there has been extensive research in supplier selection and quality management, but there has been less research in supplier selection/ evaluation under various conflicting/dependent criteria and sub criteria. To overcome this issue, Fuzzy-AHP a multi criteria decision making approach is proposed. This allows the decision making in fuzzy environment to rule out the error caused due to vagueness in human thoughts.
INTRODUCTION
Varieties of customer demands, advances of information technologies, competition in global environment, increases in governmental regulations and in environmental consciousness have forced companies for focusing on supply chain management. The supply chain management term has been used from almost two decades and is defined as the integration of activities to procure materials, transforms them into intermediate goods and final products, and delivers to customers. The supply chain consists of all links from suppliers to customers of a product. Many researchers (Tracey and Tan, 2001; De Boer et al., 2001; Bello, 2003; Cebi and Bayraktar, 2003; Digalwar and Metri, 2005; Digalwar and Sangwan, 2007; Calvi et al. 2010; Chen et al., 2011; Lee et al. 2012; Abadi and Cordon, 2012) have stated that supplier management is one of the key issues of supply chain management and business excellence because the cost of raw materials and component parts constitutes the main cost of a product and most of the firms have to spend considerable amount of their sales revenues on purchasing. Hence, supplier selection is one of the most important decision making problems, since selecting the right suppliers significantly reduces the purchasing costs and improves corporate competitiveness (Cebi and Bayraktar, 2003) .
On the other hand, supplier selection decision-making problem involves trade-offs among multiple criteria that involve both quantitative and qualitative factors, which may also be conflicting. Now a day, buyer-supplier relationships based on the price factor has not been appropriate in supply chain management. Considerations have been given also to the other important strategic and operational factors such as quality, delivery, flexibility, service, time etc. Supplier selection decisions must include strategic and operational factors as well as tangible and intangible factors in the analysis. Hence, supplier selection problem can be modeled and solved by means of utilizing multi-criteria decision analysis (MCDA).
There are several supplier selection methods available in the literature. Many researchers (Yang and Chen, 2006; Kirytopoulos, 2008; Koul and Verma, 2011; Singh and Sharma, 2011; Khaled et al., 2011; Singh et al., 2011; Sennaroglu and Sen, 2012; Kumar and Singh, 2012; Mukherjee and Kar, 2012) used different MADM approaches for the selection of best supplier. Some authors proposed linear weighting models in which suppliers are rated on several criteria and in which these ratings are combined into a single score. These models include the categorical, the weighted point and the analytical hierarchical process. Total cost approaches attempt to quantify all costs related to the selection of a vendor in monetary units, this approach includes cost ratio and total cost of ownership. Mathematical programming models often consider only the more quantitative criteria; this approach includes the principal component analysis and neural network. The categorical method relies heavily on the experience and ability of the individual buyer. People in charge of purchasing, quality, production, and sales all express their opinions about the supplier's performance on the basis criteria which are important to them. These departments assign either a preferred, unsatisfactory, or neutral rating for each of the selected attributes for every contending supplier. At periodic evaluation meetings, the buyer discusses the rating with department members. The buyer then determines the supplier's overall scores. The primary advantage of the categorical approach is that it helps structure the evaluation process in a clear and systematic way. This method is quite simple, it is not supported by objective criteria, and rarely leads to performance improvements. The main drawback of this method is that the identified attributes are weighted equally Table 1 Linguistic variables for the importance weight of each criteria and the decisions made using this system tend to be fairly subjective (Bello, 2003) .
One drawback of above approaches is that they don't consider the case of supplier selection while dependent criteria and sub criteria are involved. Most of the times decision makers choose suppliers on their experience and intuitiveness which becomes completely vague. This paper takes a step forward from subjective approaches to the mathematical model using a fuzzy-AHP approach to overcome this issue.
FUZZY-AHP METHOD

Fuzzy Logic
The Fuzzy Logic tool was introduced by Lotfi Zadeh in 1965. It is a mathematical tool for dealing with uncertainty. It offers soft computing partnership to the important concept of computing with words'. It provides a technique to deal with imprecision and information granularity. The fuzzy theory provides a mechanism for representing linguistic constructs such as "many," "low," "medium," "often," "few." In general, the fuzzy logic provides an inference structure that enables appropriate human reasoning capabilities. On the contrary, the traditional binary set theory describes crisp events, events that either do or do not occur. It uses probability theory to explain if an event will occur, measuring the chance with which a given event is expected to occur. The theory of fuzzy logic is based upon the notion of relative graded membership and so is the function of cognitive process.
The utility of fuzzy sets lies in their ability to model uncertain or ambiguous data. As the complexity of a task, or of a system for performing that task, exceeds a certain threshold, the system must necessarily become fuzzy in nature. Zadeh, originally an engineer and systems scientist, was concerned with the rapid decline in information afforded by traditional mathematical models as the complexity of the target system increased. Real world problems are too complex, and the complexity involves the degree of uncertainty -as uncertainty increases, so does the complexity of the problem. Traditional system modeling and analysis techniques are too precise for such problems, In this aspect, fuzzy systems theory is similar to other engineering theories, because almost all of them characterize the real world in an approximate manner (Sivanandam et al. 2007) .
Experts usually use the linguistic variable to evaluate the importance of the criteria and to rate the alternatives with respect to various criteria. The example of the present study has only precise values for the performance ratings and for the criteria weights. In order to illustrate the idea of Fuzzy MADM, we deliberately transform the existing precise values to five levels, Fuzzy linguistic variables very low (VL), low (L), medium (M), high (H), and very high (VH). The purpose of the transformation process is twofolded: (i) to illustrate the proposed Fuzzy MADM method and (ii) to benchmark the empirical results using other precise value methods in the later analysis.
Among the commonly used Fuzzy numbers, triangular and trapezoidal fuzzy numbers are likely to be the adoptive ones due to their simplicity in modeling easy interpretations. Both triangular and trapezoidal fuzzy numbers are applicable to the present study. The present work assume that a triangular fuzzy number (TFN), it is a fuzzy number represented with three points (a1, a2, a3) and can adequately represent the five-level Fuzzy linguistic variables, thus, is used for the analysis hereafter.
As a rule of thumb, each rank is assigned an evenly spread membership function that has an interval of 0.30 or 0.25. Based on these assumptions, a transformation table is shown below. For example, the Fuzzy variable, very low has its associated triangular Fuzzy number with the minimum of 0.00 mode of 0.10 and maximum of 0.25. The same definition is then applied to another Fuzzy variable Low, Medium, High, and Very High. 
AHP Methodology
The analytic hierarchy process (AHP), introduced by Saaty (1977) , is a theory of measurement that provides the ability to incorporate both qualitative and quantitative factors in the decision making process. It facilitates decision making by organizing perceptions, feelings, judgments and memories into a multi-level hierarchic structure that exhibits the forces that influence a decision. The AHP procedure begins with the development of a hierarchical structure of a supplier selection problem. Once the hierarchy has been constructed, he decision makers evaluate the elements by making pairwise comparisons. In AHP, pairwise comparison matrices, based on comparing the relative importance or preferences of two elements with respect to element in the level above, are generated by verbal judgments such as high, medium and low or by stating a single number taken from the 1-9 comparison scale. AHP steps are defined as follows:
Step 1: AHP uses several small sub-problems to present a complex decision problem. Thus, the first act is to decompose the decision problem into a hierarchy with a goal at the top, criteria and sub-criteria at levels and sub-levels and decision alternatives at the bottom of the hierarchy.
Step 2: The comparison matrix involves the comparison in pairs of the elements of the constructed hierarchy. The aim is to set their relative priorities with respect to each of the elements at the next higher level. It appears that the weight determination of criteria is more reliable when using pairwise comparisons than obtaining them directly, because it is easier to make a comparison between two attributes than make an overall weight assignment. So to assign weights we use [1,9] numbers with 1 being equal importance and 9 being that ith criteria is nine times more important than jth one and likewise. And reciprocal of number will indicate jth is of more importance.
Step 3: In the next step, transform the real elements of matrix R into the fuzzy numbers.
Step 4: Before conducting all the calculation of vector of priorities, the comparison matrix D has to be normalized.
Step 5: To find the criteria weights, calculate the average of the elements of each rows from matrix obtained from step 4.
Step 6: Finally rank the criteria according to do fuzzy comparison of sets by seeing the average of each element obtained in step 5.
Case Study
The paper presents the numerical method for supplier selection for braking system material. A manufacturing company desires to select a most suitable supplier for its product Anti-compounding relay valve (ACRV). (financial, production, R&D) for the evaluation of their suppliers. The hierarchical structure of this decision problem is shown in Figure 1 . As mentioned, the AHP methodology first necessitates the pairwise comparisons of the criteria and subcriteria in order to determine their weights. These consistent comparison matrices are shown in Table 2 . The normalized priority weights among the two main criteria and five subcriteria and their ranking have been depicted in Table 3 as shown below.
Normalized AHP weights (Table 3) are converted into fuzzy linguistic variables (Table 4 and 5) using Table 1 . And then average of each row is obtained for each criterion as shown in Table 5 . This will decide the comparative raking of each criterion -sub criteria Cl  C2  C3  C4  SC1  SC2  SO  SC4  SC5  5C6  SC7  5C8  5C9  5C10  5C11  SC12  C1  1  3  5 C1  U  C3  C4  SC1  SC2  SC3  SC4  SC5  SC6  SC7  SC8  SC9 SC10 SC11 SC12 C1 
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RESULTS AND DISCUSSION
As we can see in Table 5 that average weights of each criteria has been obtained after pairwise comparison between every two criteria sub criteria. The overall result has been summarized in Table 6 below: Table 6 shows that quality is having highest average weight which lies in medium region of Triangular Fuzzy Number (TFN) which dictates that it is most critical criteria for evaluating supplier for their performance. Then comes Technical capability which comes in Low region and likewise. Similarly if make comparison between sub criteria then it is observed that ISO Certification status should be considered the most critical one then rejection rate, share sensitive information and so on. Some sub criteria are having equal ranking so considered the ranking of their corresponding criteria to prioritize them. The Table 8 gives the overall ranking of criteria after considering the individual ranking of each criterion-sub criteria in Table 6 and 7. Thus final ranking shown in Table 8 should be used in this particular manufacturing industry to select the supplier for braking system material for Anti-Compounding relay valve. 
CONCLUSION
In this paper a fuzzy AHP approach has been used to select the supplier for braking system material for AntiCompounding relay valve based on the ranking of criteria.
The main criteria and sub criteria have been decided which are based on the current business scenario and experience of the experts in the respective manufacturing firm. The Fuzzy-AHP approach is proved to be simple, less time taking and having less computational expense as compared to other existing decision making systems. The Fuzzy-AHP has the ability to capture the vagueness of human thinking style and effectively solve multi-attribute decision making problems.
